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Coarse-fines particles are useful for understanding the nature of the Moon and will probably be returned 
by future unmanned sample missions to other planetary bodies. The preliminary description of these 
particles is an essential part of the efficient study of such particles, ensuring that material is not 
inappropriately allocated or consumed. To check the present reliability of initial macroscopic identifications 
oflunar coarse-fines (2-4 mm) particles, we studied particles from 15243 sequentially using macroscopic, 
neutron activation, and petrographic methods. 15243 is from Station 6 on the Apennine Front and 
was expected to contain a variety of rock types. The results of the petrographic and chemical analyses 
demonstrate that the macroscopic identifications distinguish rock types very well, and generally allow 
good identification of the particles, at least for such a sample where some prior information is available. 
The main difficulty was a propensity to identify Apollo 15 KREEP basalts as mare basalts ( which were 
actually absent from the sample). In addition, a few coherent regolith breccias were identified as polymict 
breccias distinct from regolith breccias, and two fine-grained KREEP basalts were identified as impact 
melts. Some of these misidentifications would probably have been avoided if scanning electron microscope 
examination, including energy dispersive analysis, had been included in the preliminary examination. 
The KREEP basalts include both extremely fine-grained and porphyritic varieties, yet the chemistry indicates 
little fractionation among them. The impact melts have a wide range of composition, showing that 
the Apennine Front is a petrologically complex mix of materials that is as yet little understood. Most 
of the fragments in 15243 are regolith breccias and glasses that were produced in the small event 
that produced the 1-m crater from which they were sampled 

INTRODUCTION 

The coarse-fines from the lunar regoliths ( 1-2 mm, 2-4 mm, 
4-10 mm fractions) are an important and as yet underused 
source of information about rock types and petrogenesis on 
the Moon. They potentially include rare or exotic rock types, 
which are otherwise not represented among the larger rocks. 
The 2-4 mm coarse fines in particular provide large sample 
populations whose individual particles are large enough for 
the rock type to be petrographically characterized, even for 
samples that are fairly coarse-grained. However, they are not 
large enough for a complete petrographic, chemical, and 
isotopic characteri7.ation; a 2-mm rock cube will have a mass 
less than 25 mg, and a 4-mm rock cube less than 200 mg. 
Thus the analysis of 2-4 mm particles requires careful 
management if crucial material or rare rock types are to be 
identified as such and most efficiently consumed. 

The preliminary binocular microscope-as&Sted characteri7.a-
tion of particles is a necessary prelude to selection for any 
subsequent analysis. At the instigation of the Lunar and Planetary 
Sample Team (IAPST) we described, processed, and analyzed 
selected coarse-fines. We wished to assess how good the 
preliminary characteri7.ation of 2-4 mm particles might be at 

the present time, after several years of experience (by lDll11} 
investigators) with lunar samples. Our main object was to see 
if known rock types could be correctly identified macroscop-
ically, and whether new varieties could be similarly recognized. 
We assume that all observers would classify and identify 
particles in a fairly similar manner, i.e., that the process be 
objective. Such an assumption is consistent with the 
~cations made in this study being somewhat similar 
to those made by Powell ( 1972). Without confidence in 
reasonably observer-independent identifications, the whole 
concept of preliminary examination would be pointless. 

Our intended method was to characterize a large random 
collection macroscopically (performed by GR), and then make 
petrographic (thin-section) and chemical (INAA) analyses for 
a selected subset to determine the actual lithologies. It is dear 
that good preliminary identifications of any coarse fines sample 
returned from future unmanned missions (from which the 
amount of sample is likely to be much less than the Apollo 
samples) is neces.w-y; the results of our study, therefore, have 
implications reaching beyond the existing lunar sample 
collection 

Our choice of coarse fines sample was directed toward 
regoliths from the Apennine Front collected on the Apollo 
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15 lll.i$ion. This was because we have an interest in furthering 
our understanding of that massif, and because a variety of 
particles including mare basalts, KREEP basalts, glasses, and 
varied highlands rocks are potentially present in any 2-4mm 
sample suite from the Front. The landing site is surrounded 
by terrains of varied geology, and the have been shown 
to be petrologically complex (e.g., Ryder and Spudi,s, 1987; 
Lindstrom, 1986; lindstrom and Marvin, 1987). Furthermore, 
several rays cro~ the area of the landing site, and therefore 
we were optimistic of finding new rock types. 

Various estimates of the number of 2-4 mm particles per 
gram suggested that a sample of 20-25 g would be required 
to obtain the 1000 particles we thought desirable for the study 
( in actuality we obtained only half that nwnber). Only two 
samples from the Apennine Front had 2-4 mm fractions large 
enough without further sieving of the bulk ( unsieved) reserve 
samples. We chose sample 15243 (the 2-4 mm fraction from 
bulk 15240) from Station 6, although in retrospect the high 
abundance of regolith breccia and in this sample, and 
the corresponding small proportion of crystalline or highland 
rocks, was a predictable problem. 15243 had a mass of 31.8 
g. 

This paper is split into two distinct parts. In Part 1 we 
describe the sample environment, the methods of analysis, and 

PROCEEDINGS OF THE 18th LPSC 

Fig. 1. Presampling, cross-sun 
photograph of the fresh crater at 
Station 6 from which sample 15420 
and other regolith samples were 
collected. Area above top clashed 
line is disturbed by astronaut 
activity. Large dosed clashed line is 
the rim of the 1-m crater. 15240 
was collected as two scoops from 
the central portion of the crater. 
15243 is the 2-4 mm fraction 
obtained by sieving 15240 at the 
Space Center. (AS-15-86-11610). 

the ~ment of the succ~, fuilures, and limitations of the 
preliminary identifications made. In Part 2 we describe in more 
detail the petrology and chemistry of the individual particles, 
and their implications for petrogenesis at the Apollo 15 landing 
site. 

PART 1. REUABILITY OF MACROSCOPIC OBSERVATIONS 

Sample Collection 

Sample 15240 was collected from a 1-m-diameter crater 
approximately 20 m southeast and upslope from the parked 
Rover at Station 6. The crater was marked by a concentration 
of fragments, primarily clods up to 10 cm aero~ on an otherwise 
smooth surface. Sample 15240 was two scoops of material 
including obvious splash from the floor of the crater. 
A second regolith sample, 15250, was ''very fine light gray" 
material (Bailey and Ulrich, 1975) from the east rim of the 
crater (Fig. 1 ). Several other soil samples were taken from 
Station 6; all are very similar to each other in composition 
but different from regoliths from other stations on the Front 
(e.g., Karotev, 1987a; Cuttitta et al,,, 1973). Regolith breccias 
from Station 6 also have compositions similar to the Station 
6 regolith samples (Karotev, 1987a). 
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RYDER ET AL.: IDENTITY OF APENNINE FRONT COARSE FINES 

Macroscopic Inspection 

About 20 g of 15243 were taken in two subequal batches, 
and resieved under a nitrogen atmosphere. About 5 g were 
of friable material (probably almost all barely lithified regolith 
breccias) that had broken down since the original sieving and 
passed into the less than 2 mm fraction The remaining 15 g 
consisted of 545 particles. These were transferred to a flow 
bench and washed in freon to remove most of the adhering 
regolith dust, which obscures binocular identification. The 545 
particles were examined individually in air under a binocular 
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microscope and characterized and classified. The results of this 
inspection and sorting are shown in Table 1, simplified from 
the notes taken during inspection 

We identified 373 particles as regolith breccias and another 
144 as impact splash glass or regolith breccia with glass splashes. 
Thus 95% of the particles are regolith products, which is a 
high proportion consistent with the observations of the 
astronauts during collection and with most of the glass 
production and regolith lithification taking place during the 
small cratering event itself. Only 28 particles were not obvious 
regolith products. 

TABLE 1. Descriptions of sample groups summarized from procesmng notes. 

Particle Split Rock Type 
Number 

, 13 Glass and regolith breccias with abundant adhering 
glass. 

, 14 Regolith breccias. 

,15; ,25; ,43; "Mare" basalts. 
,60 

,18; ,26; ,44; "Polymict" breccias. 
,45; ,61 

,12; ,30; ,38- Fine-grained, crystalline impact melts. 
,42; ,62-,65; 

,19A15 KREEP basalt. 

,27 "Olivine" (or glass). 
,16 Glass. 

,28 0 Granulite? 0 or "fine-grained impact melt." 

,21 Impact melt? or • granulitic. • 

,17 Cataclastic anorthosite? 

,29 Regolith breccia (2-lithologies). 

,20 ? 2-lithologies. 

,22; ,46- ,59 Regolith breccias. 

# Particles Description 

144 Glass is exterior, vesicular, black, and cindery-looking 
mostly. Several have very delicate-appearing forms, 
although they have swvived sieving. Nearly all are irreg-
ular or angular. 

358 Gray-brown, generally rounded and moderately friable. 
Glass balls and shards are present, but need high binoc-
ular power to see them. Oasts as large as 1 mm are 
rare. As a group they seem quite homogeneous and sim-
ilar in color, clast content, and clast size distribution. 

4 Apparently ultramafic and with granular textures. Grain 
sizes less than 1 mm. White, dark brown, and greenish 
crystals can be distinguished in some, apparent olivine 
phenocrysts and appearance similar to olivine-normative 

5 

11 

1 

1 
1 

1 

1 

1 

1 

1 

15 

mare basalts. Two largest have adhering regolith. 
Coherent, with clasts a little larger than those in rego-
lith breccias. Matrix may be ~, but clasts do not 
appear to be ~- Some adhering regolith. 
Homogeneous, dark-colored, clasts not prominent and 
are small Two vesicular. A range in color from Jairly 
dark to grayish. 
Fine-grained, plagioclase laths not distinct. Mafics about 
50% and interstitial or granular. Could be a mare basalt. 
Yellow-green, ~-looking without clasts or vesicles. 
Orange-brown glass, angular, no clasts or vesicles 
obvious. 
Similar to fine-grained impact melts, but a little paler in 
color and plagioclase clasts are more visible. If granulite, 
then fine-grained. 
Angular, coherent, fine-grained, pale-colored. Clast-free 
or clast-poor poor, could be a granulite. Appears to be 
about half plagioclase, half mafic minerals. 
White, anorthosite, crystalline, rare mafic grains (possi-
bly as much as 20%) are pale-colored. Appears shocked, 
coherent. Cat-An? Granulite? 15418-like? 
Obvious regolith breccia, with white friable clast which 
has yellowish and dark mafics, and about 80% plagio-
clase. White clast is possibly shocked granulite. 
Two lithologies in sharp contact. ( 1) aphanitic, very 
pale-green, clast-free material. (2) Coarser, red-brown, 
with vug(?). Dark, angular, coherent. 
Picked from ,24 grouping, to be as varied as possible. 
One is a little different in appearance, more like a 
welded tuf[ 

Identifications later shown to be erroneous are surrounded with asterisks. 
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TABLE 2a Chemistry of Nonregolith particles from 15243. N 
N 

© 
N 

A15 KREEP Basalts K+R• Glas.5t Impact Melts Glas.5! s§ a'II 
r Wt% ,15 ,25 ,43 ,60 ,19 ,12 ,30 ,55 ,16 ,20 ,38 ,40 ,41 ,39 ,42 ,63 ,64 ,65 ,21 ,62 ,27 ,28 ,17 = = Na2O .921 .863 .850 .877 .820 .849 .840 .741 .820 1.04 .660 0.619 .638 .676 598 .654 .472 .603 0.702 0.600 0.626 0.511 0.306 .., 

K2O 1.03 .57 .68 .49 .69 2.2 0.8 0.43 .38 .47 .22 - 0.098 - 0.28 <0.03 

= eao 10.7 11.1 10.0 9.5 10.4 9.3 9.7 10.0 9.3 8.7 9.1 10.6 10.5 11.9 12.1 11.9 10.3 14.0 12.6 11.6 10.2 10.2 16.7 
Q. FeO 10.4 10.4 10.5 10.4 10.3 10.1 10.2 10.5 10.5 11.7 10.1 10.1 10.1 8.0 8.3 7.3 11.3 6.0 8.6 10.1 9.8 11.1 3.48 
""C ppm - Sc 22.8 21.6 22.3 22.5 21.9 21.7 21.8 21.4 23.3 23.9 17.6 14.9 14.9 19.5 16.6 14.2 23.9 13.3 18.3 29.6 19.9 27.3 8.15 = Cr 1905 2190 2140 2045 2240 2180 206o 2210 2235 1270 1340 1370 1370 1200 1250 899 2075 953 1100 967 1940 2037 576 ..... 

Co 18.6 21.2 19.4 19.7 21.0 20.7 19.5 25.3 21.3 19.1 31.4 80.9 81.3 18.1 25.6 17.3 42.2 16.9 21.4 21.2 24.7 26.3 7.45 .., 
'-< Ni 53 215 1230 1260 37 190 77 160 130 58 44 82 119 .... Rb 27 19 14 16 17 14 17 12.9 23 42 13 9 8 11 13 8 17 8 = r.,i Sr 200 225 225 230 175 240 200 220 171 177 181 174 158 197 221 172 ..... .... Cs 1.04 0.62 .57 .83 0.60 0.68 0.80 0.55 0.68 0.80 - 0.67 0.62 0.36 0.30 0.48 0.28 0.22 - 0.48 ..... = Ba 850 710 800 815 740 720 780 640 780 1000 540 498 500 473 380 515 277 151 140 67 500 334 20 ..... 

I.a 83.0 72.8 78.4 80.3 73.3 73.0 75.0 63.4 77.4 87.7 67.4 49.5 49.6 38.9 45.0 42.0 25.8 12.6 8.4 4.15 50.9 41.7 0.78 
• ce 220 189 242 221 192 210 197 166.4 204 229 190 128 101 109 110 68.4 32.0 23.1 11.7 125 110 2.34 

""C Nd 145 117 130 132 116 116 118 97 128 132 108 80 86 59 61 65 38 19.8 10.5 7.6 71 73 1.9 .., 
Sm 36.9 32.3 35.9 35.5 33.1 33.2 33.7 28.5 34.6 38.2 29.2 22.5 22.9 17.5 17.6 18.7 11.7 6.0 4.25 3.37 22.8 18.7 0.425 0 
Eu 2.58 2.68 2.93 2.74 2.69 2.74 2.59 2.44 2.66 2.09 2.04 1.99 2.00 1.90 1.67 1.80 1.24 1.36 1.58 1.36 1.89 1.89 0.789 .... 

Q. Th 9.30 6.83 7.45 7.30 6.64 6.75 6.94 5.15 7.34 8.04 5.76 4.80 4.80 3.92 3.40 3.87 2.43 1.12 0.96 0.86 4.51 3.83 0.080 
Q. Yb 26.5 22.2 24.2 25.3 22.3 22.5 23.9 21.8 22.1 31.7 19.7 14.2 14.2 13.0 10.9 12.2 8.22 3.67 4.10 3.43 14.0 11.0 0.353 
C"' Lu 3.56 2.97 3.31 3.42 2.99 3.06 3.19 2.62 3.21 4.34 2.66 2.06 2.06 1.91 1.68 1.76 1.17 0.554 0.570 0.561 2.14 1.63 0.058 

'-< Zr 1000 840 880 870 840 860 1000 840 1010 1100 600 670 550 540 680 610 300 240 (48) 940 450 ..... =- Hf 32.5 26.4 29.5 29.1 26.7 26.1 28.3 23.5 27.6 35.2 20.0 16.6 17.0 13.6 13.2 16.1 8.85 4.18 3.68 2.11 18.1 12.9 0.24 

z Ta 2.90 2.93 3.19 3.27 2.81 2.89 3.20 2.44 3.01 4.08 2.40 1.93 1.86 1.89 1.51 1.66 1.15 0.56 0.55 0.35 1.86 1.35 

> Th 14.2 11.5 12.5 14.4 11.40 11.2 12.8 9.96 13.2 21.2 12.0 8.29 8.23 6.42 6.61 7.94 5.16 1.88 1.37 0.60 8.23 4.15 
r.ri u 4.1 3.2 3.7 4.2 3.0 3.3 3.6 2.73 3.7 5.8 3.2 2.5 2.2 1.8 1.7 2.3 1.5 0.4 0.42 0.10 2.1 1.1 0.03 
> ppb 
> Ir 27 25 4.4 1.7 
r.,i Au <3 <6 <2 <3< 4< 3< <6 <4 <6 <6 30 32 <4 2.2 <3 <6 <6 <6 <2 <6 5.2 ..... .., 

Ma5.5(mg~9 84 15 17 44 17 35 36 12 26 22 21 14 22 13 22 20 22 60 20 12 17 21 0 
'0 =- •K+R = KREEP basalt+ regolith breccia 
'-< r.,i t Orange-brown. .... .,, 
n !Green. ::0 
r.,i 

§s = Shock melted impact melt or granulite. 
0 
("l 

'Ila= cataclastic anorthosite. 
r,j 
r,j 

..... t:i z 
r.ri Cl 

'-< "' 
r.,i 0 ..... "'1 

--1 

9 :i: 
r,j 

.... 
00 e-.... .., 
"' ("l 
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z z z - TABLE 2b. Cllemistry of regolith breccia particles from 15243 and of regolith 15271. 
"'1 

.., 
'-< Wt% ,29• ,1st ,26t ,44t ,45t ,61t ,22 ,46 ,47 ,48 ,49 50 ,51 ,52 ,53 ,54 ,56 ,57 ,58 ,59 15271 

"'"" 
0 z 

= .521 .472 .452 .488 .455 .485 .477 .492 .454 .449 .500 .551 .523 .449 .469 .480 .463 .482 .461 .476 .449 
.., 

'JJ Na20 r, -.... K20 .33 0.19 .18 0.20 0.27 0.18 §2 -= eao 10.4 10.5 11.3 12.1 11.5 IO.I 10.6 10.5 10.2 10.5 11.6 10.4 10.7 10.3 10.2 10.0 10.3 12.3 IO.I 11.2 10.4 - V, 

11.5 12.42 9.85 12.0 11.73 12.14 11.80 11.6 11.8 12.1 FeO 9.10 11.9 11.7 12.7 11.8 11.9 12.3 11.7 IO.I 12.1 12.2 .., 
• ppm 

z 
""C Sc 25.4 24.6 17.54 16.61 23.5 22.5 23.6 23.4 23.8 22.4 25.3 23.4 23.9 23.6 23.2 23.5 22.6 19.9 23.6 23.7 23.3 V, 

"'1 Cr 2100 2170 1660 1670 2260 2120 2580 2240 2220 2200 2390 2180 2140 2300 2240 2380 2190 1780 2240 2280 2230 
0 
--<'I Co 38.2 39.3 37.8 24.4 38.3 39.4 40.6 37.9 41.7 37.5 40.2 34.7 36.9 40.1 37.9 51.2 38.6 32.8 39.6 39.7 39.5 .... 

Ni 98 165 350 75 210 240 260 216 260 210 225 128 181 187 255 220 219 190 199 220 230 

Rb 13 7 9 11 12 14 11 IO 11 6.4 9.2 5.6 
C" Sc 186 182 197 204 141 167 129 236 141 90 165 170 165 170 181 270 188 188 148 184 

'-< Cs 0.28 0.29 0.26 0.26 0.31 0.29 0.30 0.40 0.24 0.30 0.14 0.39 0.38 0.30 0.26 0.36 0.23 0.26 0.26 0.27 0.29 -=- Ba 348 283 278 280 290 305 300 310 280 280 340 430 345 287 330 310 300 260 300 300 290 

z la 27.6 25.6 24.6 26.8 28.7 29.2 27.4 30.2 25.8 27.4 31.6 40.9 32.9 27.5 28.4 28.5 26.5 22.5 27.1 27.1 26.9 

> Ce 74.2 72.2 65.8 70.7 70.4 81.4 75.0 77.9 66.4 69.7 78.7 108.1 86.9 74.2 80.7 81.5 84.8 61.0 75.5 72.7 74.4 

r:JJ. Nd 41 39 39 46 43 45 43 41 38 39 43 61 50 44 40 44 37 37 43 45 46 

> Sm 12.9 11.42 10.93 10.2 13.4 13.2 12.8 14.3 12.2 13.2 14.8 18.8 15.4 12.9 13.2 12.6 12.1 10.5 12.4 12.4 12.3 

> Eu 1.66 1.49 1.47 1.50 1.49 1.54 1.53 1.49 1.37 1.48 I.61 1.80 1.60 1.48 1.56 1.49 1.50 1.44 1.46 1.54 1.50 
'JJ Th 2.73 2.16 2.12 2.60 2.42 2.41 2.31 2.43 2.12 2.25 2.62 3.53 2.% 2.35 2.42 2.20 2.30 2.04 2.31 2.38 2.36 -"'1 Yb 9.05 9.56 9.08 8.46 9.08 10.6 10.2 9.63 8.28 8.78 10.04 13.47 10.93 9.22 10.55 10.88 9.78 8.64 10.18 10.00 9.95 
0 

"O Lu 1.33 1.16 1.10 1.16 1.22 1.30 1.23 1.31 1.13 1.21 1.37 1.75 1.41 1.20 1.28 1.27 1.20 1.04 1.23 1.20 1.21 

=-'-< Zr 390 260 280 500 460 310 300 530 450 470 570 530 440 360 320 330 300 270 290 340 320 
'JJ Hf 9.67 9.45 8.65 8.79 9.83 10.4 10.2 10.4 9.00 9.65 11.3 14.4 11.3 9.67 10.5 10.6 9.47 8.37 9.75 10.0 9.63 .... 
l":I 
'JJ Ta 1.28 1.12 1.03 1.06 1.17 1.22 1.22 1.20 1.08 1.20 1.33 1.72 1.40 1.16 1.29 1.29 1.14 1.04 1.17 1.14 1.16 

Th 5.04 4.% 4.18 4.20 4.54 5.60 5.54 5.27 4.45 4.67 5.22 7.33 5.17 5.05 5.48 5.77 5.32 3.65 5.41 5.12 4.43 

u 1.25 0.98 1.11 1.30 1.05 1.27 1.27 1.25 I.OS 1.25 1.25 1.70 1.25 1.10 1.34 1.22 1.18 0.% 1.25 1.16 1.20 - ppb 
r:JJ. 

'-< Ir 6.2 7.7 1.8 4.0 4.8 9.3 4.4 5.6 3.4 6.1 3.4 2.4 6.1 4.0 5.6 IO 1.8 4.6 7.0 5.8 
'JJ Au <6 2.3 4.5 2.1 3.0 3.0 2.8 2.4 1.9 1.5 2.3 7.2 2.9 2.9 1.8 3.9 0.3 1.2 3.3 4.9 - ~mg) 18 38 57 13 18 37 60 9 IO 13 13 22 26 25 29 28 29 58 37 63 33 

= • 1\vo-lithology particle. N 

tonginally described as "polymict" breccias. 
N 
(;., 
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TABLE 3. 

Particle 
Split 
Number 

,15 
,25 
,43 
,60 
,19 
,17 

,12 

,30 

,38 
,40 
,41 
,39 
,42 
,63 
,64 

,65 
,62 
,28 

,21 

,20 

,29 

,16 

,18 
,26 
,44 
,45 
,61 
,22 
,46 
,47 
,48 
,49 
,50 
,51 
,52 
,53 
,54 
,55 

,56 
,57 
,58 
,59 

Comparison of macroscopic, chemical, and thin section 
identifications of 2-4 mm particles in 15243. 

Macroscopic Otemical Identifi- Petrographic 
Identification cation Identification ( no 

probe data) 

Mare basalt KREEP basalt KREEP basalt 
Mare basalt KREEP basalt KREEP basalt 
Mare basalt KREEP basalt KREEP basalt 
Mare basalt KREEP basalt KREEP basalt 
KREEP basalt KREEP basalt KREEP basalt 
Cat-Anorth or "Gabbroic Cat-Anorthosite 
Granulite Anorthosite" 
Impact melt Impact melt? A or KREEP basalt 

KREEP basalt 
Impact melt Impact melt? A or KREEP basalt 

KREEP basalt 
Impact melt Impact melt? A Impact melt 
Impact melt Impact melt? Bl Impact melt 
Impact melt Impact melt? Bl Impact melt 
Impact melt Impact melt? B2 Impact melt 
Impact melt Impact melt? B2 Impact melt 
Impact melt Impact melt? B2 Impact melt 
Impact melt Regolith ( or (~) 

impact melt?) 
Impact melt Impact melt? X Impact melt 
Impact melt Impact melt? Y Impact melt 
..Granulite or Granulitic norite, 
impact melt or impact melt 

(shocked 
melted) 

Impact melt(?) Impact melt or Impact melt 
or granulitic? granulite? 
2 lithologies: High-K KREEP Impact melt 
(a) aphanitic 
(b) coarse red/br 
2 lithologies: Regolith breccia Regolith breccia 
(a) reg. bx 
(b) white c1ast 
Orange/brown KREEP Clast-rich glas.5 
glas.5 
Polymict breccia Regolith breccia? Regolith breccia 
Polymict breccia Polymict breccia? Regolith breccia 
Polymict breccia Polymict breccia? Regolith breccia 
Polymict breccia Polymict breccia? Regolith breccia 
Polymict breccia Regolith breccia? Regolith breccia 
Regolith breccia Regolith breccia . 
Regolith breccia Regolith breccia . 
Regolith breccia Regolith breccia . 
Regolith breccia Regolith breccia . 
Regolith breccia Regolith breccia . 
Regolith breccia Regolith breccia . 
Regolith breccia Regolith breccia . 
Regolith breccia Regolith breccia . 
Regolith breccia Regolith breccia . 
Regolith breccia Regolith breccia . 
Regolith breccia KREEP basalt ( 1) KREEP basalt 

with regolith 
breccia 

Regolith breccia Regolith breccia . 
Regolith breccia Regolith breccia . 
Regolith breccia Regolith breccia . 
Regolith breccia Regolith breccia . 

PROCEEDINGS OF THE 18th LPSC 

Instrumental Neutron Activation Analysis (INAA) 
and Petrographic Methods 

Otemical analysis of a particle helps to identify the lithology 
of a particle, and also provides important petrogenetic 
infonnation The 28 particles that were not obvious regolith 
particles constituted a small enough population that all were 
chosen for analysis by INAA and for subsequent thin sections 
of the same particles. Fifteen apparent regolith particles, chosen 
to cover as wide a spectrum of appearance as possible, were 
also taken for INAA, but were not thin-sectioned. A sample 
of nearby regolith 15271 was simultaneously analyzed for 
reference. The INA analyses were carried out at Washington 
University, St. Louis. The procedures used were those described 
by Korotev (1987c). The analyses are listed in Table 2, along 
with the mass of each particle analyzed. They range from 9 
to 84 mg; most were less than 30 mg. 

Following JNAA counting the particles were returned to the 
Johnson Space Center where they were made into thin sections, 
except for the regolith breccia particles. In some cases some 
irradiated material remains free of thin-sectioning contamina-
tion, but in most any remaining sample is in an epoxy potted 
butt. The thin sections were inspected with the microscope 
for identification of lithologies; only a few microprobe analyses 
have yet been performed on them, as they are generally not 
necessary for the primary identification purposes of this study. 
The microprobe analyses were made on the Cameca 
microprobe at the Johnson Space Center using normal 
conditions and standards. The thin sections have retained the 
same split number as the original particle, which is the same 
as the JNAA sample. This split number thus includes the thin 
section, the remaining potted butt, and any portion of the 
irradiated sample that was not used for the thin-sectioning. 

Results 

A comparison of the macroscopic, chemical, and petrogra-
phic identifications are shown in Table 3. A more detailed 
description of the individual samples is given in Part 2 of the 
paper. The chemical analyses provide good infonnation on what 
any particle is, despite the small sizes of the analyzed materials. 
For instance, they show the lack of mare basalts and the 
presence of KREEP basalts, and regolith compositions are clearly 
delimited. The chemistry in fact appears to be adequate to 
discriminate KREEP basalts from impact melts, e.g., the two 
KREEP basalts that were macroscopically clas&fied as fine-
grained impact melts differ from the impact melts in having 
the higher Cr and Sc, low Co/Fe, and the precise incompatible 
element concentrations of the KREEP basalts. The thin sections, 
in many cases quite small (areas of 1 to about 5 mm2) are 
large enough in all cases for precise characteri7.ation 

Letter designations following impact melt identifications corres-
pond with the groups of Ryder and Spudis ( 1987), with added 
designations and subdivisions. 

( 1) Reinspection shows a basalt particle covered with regolith 
dust. 

•No thin sections cut 
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The chemical analyses and petrographic observations indicate 
that the macroscopic observations are useful in grouping like 
samples, and to a large extent in determining what these groups 
are lithologically. However, there are some miscues, and some 
of the discriminations may seem to be inadequate; they are 
nonetheless probably unavoidable with the technique. 

Macroscopic "mare basalts." Arguably the most serious 
miscue is that four samples identified as mare basalts were 
in fact KREEP basalts. This is serious in that the petrogenesis 
of these rock types in the lunar context is quite different, 
and because we have prior knowledge in this case that these 
two rock types exist. Nonetheless, the samples were correctly 
identified as basalts. The characteristics that suggested they 
were mare basalts were the presence of a partly phenocrystic 
green mineral, incorrectly presumed to be olivine and in reality 
orthopyroxene, and an overestimate of the abundance of mafic 
minerals. This error has also been made previously, e.g., in 
the 4-10 mm coarse-fines catalog of Powell {1972); future 
inspection of basalts should more carefully consider the 
~ibility of conspicuous green orthopyroxene. It should also 
more carefully consider the amount of dark groundmass; in 
the present case at least some of the problem lies in the fact 
that some of the KREEP basalts are vitrophyric, hence the 
proportion of dark/light material is higher than normally 
expected for KREEP. Further, although the samples were 
washed in freon, thin sections show small amounts of regolith 
still attached to some particles, again obscuring identification, 
but apparently negligibly a1fecting the chemistry. Some of these 
problems could be solved in future studies by an examination 
of the particles with SEM techniques. 
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Macroscopic "polymlct breccias." Five samples were 
macroscopically characterized as polymict breccias, as distinct 
from regolith breccias. The distinction was made largely on 
their more coherent nature, and their apparent lack of glass 
spheres or ~-looking clasts. Some were paler-colored than 
the obvious regolith breccias. However, the thin sections show 
that these "polymict breccias" are indeed regolith breccias, 
with glass spheres and clasts. Their chemistry is very 
similar to that of the presumed regolith breccias analyzed in 
this study, except that two of them have FeO and Sc a little 
lower. This chemistry is also very similar to that of Station 
6 soil, including 15271 analyzed in this study. One of the 
samples characterized macroscopically as a regolith breccia had 
a chemistry that had much higher incompatible element 
abundances than the Station 6 regolith, e.g., Sm 28.5 ppm cf. 
about 12-13 ppm Reinspection of this particle prior to thin 
sectioning showed it more likely to be a fine-grained crystalline 
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Fig. 2. Rare earth elements in individual particles from 15243. (a) 
KREEP basalts, impact melts, and gabbroic anorthosite. Most individual 
particle numbers are omitted. KREEP basalts are shown by the shaded 
range from the highest in rare earths (, 15) to the lowest (, 19) ( filled 
triangles). ,55, whose analysis includes a significant regolith 
contamination, is not plotted. Impact melts are open circles, and the 
gabbroic anorthosite , 17 is filled squares. ,28 ( filled squares) is the 
shock-melted norite, impact melt, or granulite. {b) Range for regolith 
breccias ( open squares, with those macroscopically described as 
''polymict breccias" as open circles) and regolith 15271 (open 
triangle). All but one of the regolith breccias lilll in the shaded zone. 
The two glass particles ( one orange-brown, one green) are also plotted, 
as open diamonds. 
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particle largely covered in regolith, and the thin section 
confirmed this identification. The fine-grained crystalline 
material is a fine-grained KREEP basalt. The adhering regolith 
is rather firmly held on, such that the particle appears to have 
been part of a larger, lithified regolith breccia at some time. 

Macroscopic impact melts. Of eleven samples identified 
macroscopically as fine-grained impact melts, all but two in 
fuct were impact melts, with a range of textures from 
or very fine-grained to poikilitic. The chemistry shows a wide 
variation too, although all are distinct from regolith 
compositions, and are unadulterated highlands lithologies. The 
two exceptions are fine-grained KREEP basalts that are probably 
of volcanic, not impact, origin. It is apparent that the 
macroscopic observation of particles is not going to allow the 
distinction among different chemical groups of impact melts, 
and that the distinction of such melts from fine-grained 
volcanics will be difficult, especially when small phenocrysts 
or even small amounts of strongly-adhering regolith may mimic 
clasts. 

Imprecise discriminations. 1\vo samples {,16; ,27) were 
macroscopically characterized as dast-free: one green and 
probably consisting of olivine or glass, the other orange and 
probably glass. They contained no vesicles and appeared dear. 
Their chemistry (Table 2a) shows that neither has the 
composition of a single mineral, and the thin sections show 
that both are glass, but swprisingly, dast-rich. 

Several other samples gave less clear macroscopic 
identifications. Two double-lithology fragments appear to have 
been adequately identified. One fragment {,28), which was 
identified as a "granulite, or fine-grained impact melt," is a 
shock-melted, granulitic norite. Another (,21 ), identified as a 
probable dast-poor impact melt but possibly a granulite, is 
a poikilitic impact melt; it is probably more plagiodase-rich 
than most impact melts and it has low incompatible element 
abundances. A white particle {,17) had a shocked appearance 
and was characterized as a catadastic anorthosite or possibly 
a granulite; its chemistry and petrography show that it is a 
shocked anorthosite that is a little more mafic than most. 

Conclusions 

Preliminary macroscopic characterizations of 2-4 mm 
particles in this particular regolith, 15240 (for which prior 
knowledge of the types of lithologies to be expected exists) 
is quite good, with few errors in general identification. The 
two main miscues were the failure to distinguish between two 
known basalt types, and the failure to recognize some polymict 
breccias more precisely as (polymict) regolith breccias. All 
distinct samples, e.g., catadastic anorthosite (?) and granulite 
(?), were recognized as distinct, and their identification was 
reasonably accurate. Shock effects in some particles obscured 
the detailed nature of the sample. It is dear that clast-poor 
impact melts and fine-grained volcanic rocks will continue to 
be very difficult to distinguish by binocular examination, but 
if an absence of any certainly recognizable dast is taken as 
a characteristic of a volcanic fragment, then the proportion 
of correctly classified particles should be quite high. No new 
or exotic rock types were observed in this study; the binocular 
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Fig. 3. Sm versus Sc for individual particles from 15243 and reference 
materials. Leners not in legend are varied anorthositic, noritic, and 
troctolitic rocks (for which see Lindstrom et al, 1987, for details). 
Our KREEP basalts duster quite tightly; the impact melts show a very 
wide range of compositions. Nearly all particles are more enriched 
in incompatible elements than is the regolith. 

examination did not falsely give the impression that there were 
any. We are confident that substantially new crystalline 
lithologies would have been identified if they had existed; it 
is not dear that distinct basalt types would have been 
recognized as such. 

Examination of the particles with scanning electron 
microscope techniques, including energy-dispersive analysis, 
could have produced an even better preliminary classification. 
The textures of the particles could have been seen, probably 
allowing the discrimination of fine-grained basalts and impact 
melts. The distinction of orthopyroxene and olivine phenocrysts 
could also have been fairly easily made. For such an inspection, 
particles of this large size would need to be coated; if the 
coating were carbon, it should not interfere with any except 
some very specialized potential studies of the particles. 

We cannot predict how reliable a preliminary examination 
of particles from a completely new sample collection ( e.g., 
from a previously unsampled lunar site, an asteroid, or even 
Mars) would be. The indications, given the variety of material 
we had in our study, are that a careful inspection of such 
samples would provide useful preliminary classification of 
particles for more detailed analysis. 

PART 2. REPRFSENTIVITY, PETROCHEMISTRY, AND 
PETROG~IS OF TIIE 2-4 MM PARTia.ES 

The combined chemistry and petrographic data for the 
particles allows inferences to be made about the petrogenesis 
of the lithologies present, and their significance in the evolution 
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Fig. 4. Plane light photomicro-
graphs of Apollo 15 KREEP basalt 
particles in 15243. All to same scale, 
shown for , 15. Numbers correspond 
with both thin section number and 
split for chemical analysis. 

of the local terrain. The chemical analyses are listed in Table 
2 and some of the salient chemical features are summarized 
in Figs. 2a, 2b, and 3. Photomicrographs of all nonregolith 
particles are shown in Figs. 4-6. 

Representivity 

In understanding the petrogenesis of a particle, it is necessary 
to know how representative a 2-4 mm fragment is of some 
rock unit of petrological significance. The samples analyzed 
here were small, 10 to 84 mg (Table 2). From asswnptions 
about distribution of elements among phases, the distribution 

227 

of phases, and the grain sizes of rock units, one can calculate 
theoretical values for sample masses required for a chemical 
analysis that is representative at some specified degree of 
confidence. (This will actually vary among elements.) 
Obviously, the coarser the grain-size and the more heterogene-
ous the rock unit, the larger the sample mass required In 
the present study, a more empirical approach is taken. 

The regolith breccia particles (Table 2b ), ranging from 9 
to 63 mg, all have very similar chemical compositions for most 
elements, and these agree with the bulk composition of the 
local soil as established from larger masses and averages ( e.g., 
Korotev, 1987a). In some cases these regolith breccia particles 
may not be samples of a larger unit, but as constructional 
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fragments they are the unit itself; thus representivity is not 
a problem for them. All these regolith breccia particles can 
thus be ~ed to be representative. 

Ryder and SjJudis ( 1987) found good agreement among 
replicates of Apollo 15 impact mdts for 15 to 40 mg splits, 
and even between new analyses and published analyses for 
entirely different subsamples in a similar range. Lindstrom 
et al. (1987) found agreement among subsplits of about 100 
mg for several Apollo 15 impact melts. Our somewhat smaller 

PROCEEDINGS OF THE 18th LPSC 

Fig. 5. Plane light photomicro-
graphs of impact melt particles in 
15243. All to same scale, shown for 
,21. Numbers correspond with both 
thin section number and split for 
chemical analysis. ,20 has a coarse 
grained area in lower right. Round 
white patches in ,42 and ,63 are 
vesicles, whereas the larger white 
patch in ,64 is a gias., fragment. Most 
other white areas are mineral clasts, 
mainly plagioclases. 

sample size ( average about 20 mg) means we have somewhat 
lower confidence, but all our samples are fine-grained ( few 
grains larger than 200 microns). They are also homogeneous 
both macroscopically and microscopically at a scale similar 
to the samples analyzed by Ryder and SjJudis ( 1987) and 
Lindstrom et al. ( 1987). They lack large c1asts that might distort 
the analysis. Thus we believe that the analyses are representative. 
For the~ particles ,16 and ,27 the analyses can certainly 
be accepted as representative. 
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Fig. 6. Plane light photomicro-
graphs of lithic fragments in 15243. 
All to same scale, shown for ,27. 
,16 is clast-rich (macroscop-
ically orange-brown) with the 
composition of Apollo 15 KREEP 
basalt. ,27 is also a clast-rich 
( macroscopically green) with an 
impact melt composition. ,28 is a 
shock-melted fragment which may 
have been a poikilitic impact melt, 
or posmbly a norite or granulite. , 17 
is a cataclastic, "gabbroic" anorth-
osite, with a shock vein across it 

The KREEP basalt particles include materials coarser-grained 
than the impact melts. However, their individual homogeneity, 
their uniformity of composition, and their similarity to previous 
analyses of Apollo 15 KREEP basalts ( including even tinier 
fragments analyzed by Korotev, 1987a) requires their being 
representative of larger units, unless some coincidence is 
invoked. For the cataclastic anorthosites, containing coarse 
plagioclase crystals and scattered mafic and accessory crystals, 
representivity is much less ~d and is not claimed. The 
composition is merely a guide to the character of the parent 
unit. 

For most of the 2-4 mm particles analyzed here, their 
homogeneity and fine grain-size, combined with evaluations 
of previous replicate analyses of similar rock types, allow us 
to conclude that their chemical analyses and their petrographic 
characteristics are quite representative of larger rock units that 
have geological and petrological significance. 

Petrochemistry and Petrogenesis 

KREEP basalts. Eight of the nonregolith particles are 
Apollo 15 KREEP basalts, similar in chemistry to those long 
known ( e.g., Iroing, 1975, 1977; Dymek, 1986; Ryder, 1976). 
Seven of the KREEP basalts have remarkably similar chemistry 
(Table 2, and Figs. 2a and 3 ), despite their having remarkably 
different textures ranging from glomeroporphyritic through 
intersertal through fine-grained, feathery spherulitic (Fig. 4). 
Comparative grain sizes are easily seen in Fig. 4, as well as 
absolute grain sizes for the major phases. One porphyritic 
sample (,43) contains euhedral orthopyroxene crystals 
embedded in a euhedral plagioclase phenocryst; the other (,60) 
contains small euhedral pigeonite phenocrysts and very little 

229 

orthopyroxene along with its lathy and blocky plagioclase 
phenocrysts. In both cases the groundmass is quenched and 
much finer grained than most Apollo 15 KREEP basalts. The 
finest, nonporphyritic sample (,30) was rapidly quenched, 
containing scattered needles of plagioclase in a and 
microcrystalline groundmass. 

The incompatible element abundances vary by only 10%, 
even though the sample sizes are small and small amounts 
of adhering regolith are present ( an addition of 10% regolith 
to a KREEP basalt would lower its trace element contents 
by only about 6 or 7%, so the effect is not great). In these 
fragments, Ni, Ir, and Au are below the detection limits of 
our INAA methods, unlike the impact melts; hence the data 
are consistent with a volcanic origin for these basalts. The 
analysis with the highest rare earth abundances also has much 
higher K20 (1.0% cf. 0.6%) and Rb (27 ppm cf. 17 ppm) 
than the other analyses; this analyzed sample (, 15) is also the 
coarsest grained and was only 29 mg. The analysis of the eighth 
sample (,55) includes a greater but unknown amount of 
regolith breccia; its incompatible element abundances are 10% 
lower, and its Ni and Co higher than the others as a result 
of this regolith contamination 

The chemistry of these KREEP basalt fragments is similar 
to that of the larger samples of Apollo 15 KREEP basalts 15382 
and 15386, or at least the larger masses reported by Hubbard 
et al. (1973, 1974). Other analyses of Apollo 15 KREEP basalts 
show the same consistency of chemistry indicative of very 
limited fractionation-for instance, the three ''high-Sm" samples 
of Korotev (1987a) (all less than 10 mg), and the seven 
particles of Lindstrom et al. ( 1977) (21-78 mg). Two samples 
analyzed by Warren et al. (1983) (unstated masses) however 
have 25% lower incompatible trace element abundances and 
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lower FeO. An orange-brown (,16), rich in mineral 
fragments, analyzed in this study also has the same chemistry 
as the crystalline KREEP fragments we analyzed. 

The small range of incompatible element abundances restricts 
the amount of fractionation by separation of major mineral 
phases affecting these basalts to less than 10%. Fractionation 
was perhaps less, considering the potential for sampling error 
induced by the coarser-grained and especially the porphyritic 
samples. These have higher incompatible element abundances 
than the finer ones, a result not to be expected in a simple 
fractionation sequence. Rather it appears that all the textural 
varieties were produced by differential cooling, nucleation, and 
crystallization histories of a magma of almost constant 
composition. 

Impact melts. Eleven of the particles are fine-grained 
impact melts (few matrix grains larger than 300 microns), 
nine of which were identified as such macroscopically. There 
are also two fragment-containing that are impact melts. 
The criteria for identifying a particle as an impact melt are 
those of Ryder and Spudis ( 1987). The impact melt particles 
in 15243 show a wide variety of both chemistry (F~ 2a and 
3) and texture (Fig. 5 ), although almost all are fine-grained 
or ~- Incompatible element abundances range from La 12:x 
chondrites to La 270x chondrites. All but the one ( ,62) with 
the lowest incompatible element abundances have the REE 
slope like that of KREEP. According to the CaO, FeO, and 
Sc abundances, none are particularly feldspathic except for 

sample ,65. We estimate that most contain less than 
60% normative feldspar. According to their major and trace 
element abundances, most of the impact melts thus seem to 
fall in the low-K to medium-K Fra Mauro basalt compositional 
range. Several of the impact melts have detectable Ir and Au, 
and most have Ni greater than 100 ppm, unlike the KREEP 
basalts. 

The most incompatible-element-rich sample ( ,20) has very 
high K20 (2.2%). It was described macroscopically as a two-
lithology particle, but the thin section shows mainly one 
aphanitic lithology that is a clast-free melt. A small patch at 
one edge is a coarser, basaltic area (plagioclases 200 microns 
long). Another fragment (,38) with high La (200x chondrites) 
has a rather granular texture. Two particles (,40 and ,41) have 
almost identical chemistries (La 150x chondrites), including 
very high siderophile abundances (Ir 25 and 27 ppb; Au 30 
and 32 ppb ). They also have very similar textures, with poikilitic 
pyroxenes, and abundant but very small mineral clasts, and 
may well be broken pieces of one original coarser fragment 
Residual is abundant, and ilmenite and phosphate needles 
are common. These two particles are more similar to some 
Apollo 16 samples, especially poikilitic impact melt 60315, in 
both their trace incompatible element abundances and their 
very high siderophile abundances ( a distinctive feature of Apollo 
16 melt rocks; Korotev, 1987b ). A fragment of green, clast-
rich (,27) has a chemistry very siniilar to ,40 and ,41, 
except that it lacks such high siderophiles, and its Sc and 'Zs 
abundances are a little higher. 

Several of the impact melt samples are ~. and some 
of these are vesicular. Some contain undevitrified ~. but 
in most the is devitrified and brown. One (,64) is 
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heterogeneous and contains fragments. Its chemistry is 
identical with that of the local regolith, from which it was 
undoubtedly derived in a small-scale cratering event. The other 

samples, however, are not like local regolith. Of the 
crystalline samples, the coarsest is ,21, which we macroscop-
ically described as either an inipact melt or a granulite. This 
sample is poikilitic, but the oikocrysts are only a few hundred 
microns acr~. It does contain clasts larger than those in the 
other melts; these clasts are mainly plagioclases, but pyroxene, 
olivine, and rare pink spinel are present Only a minor amount 
of interstitial is present. On balance we think it is an 
impact melt. It is chemically distinct in that the incompatible 
element abundances are low (La 25x chondrites) and a Eu 
anomaly is lacking. The trace element abundances are not the 
lowest of the melt samples, however. The fine crystalline sample 
,62 has La only 12:x chondrites, and has a completely different 
REE slope, enriched in the heavier elements. It also has the 
highest Sc of any of the samples analyzed in this study and 
is probably pyroxene-rich. 

Ryder and Spudis (1987) analyzed 14 inipact melts from 
the Apennine Front, finding that they had a wide range of 
compositions that appeared to cluster into five groups ( A to 
E). The data in the present study suggest that there are more 
groups, or even that there is a continuum of compositions, 
as also suggested by recent analyses by Laul (1987), Laul et 
al. (1987) and Lindstrom et al. (1987). The present data for 
eleven impact melts and two ~s are more liniited in the 
number of elements analyzed than are those of Ryder and 
Spudis (1987). The sample sizes are also smaller, but the fine 
grain size of the samples suggests that the chemical data should 
be quite representative. Group A is represented by orange 
,50. On the basis of incompatible elements, five of the impact 
melts fall into the range (La 120 to 150x chondrites) that 
defined Group B, and the green, fragment-bearing sample 
,27 also falls within this range. However, Sc is slightly lower 
in most of them than in the Ryder and Spudis ( 1987) Group 
B samples. All of the other six samples are different from any 
of those analyzed by Ryder and Spudis ( 1987). None are very 
close to the average composition of the Apennine Front, as 
represented by Station 2 soils (Korotev, 1987a), and most are 
more KREEP-rich, although one (,64) is very similar in bulk 
chemistry to the local Station 6 regolith. None are at all like 
the Serenitatis melt or the 15445-group that may be lnibrium 
melt (Ryder and Bawer, l977;RyderandSpudis, 1987). Sample 
,21 is roughly like those Apollo 16 samples that are represented 
by 68415, which is in turn similar to Descartes regolith (Ryder 
and Norman, 1980). 

These results demonstrate conclusively the complex nature 
of the Apennine Front at the Apollo 15 site, as represented 
by impact melts. The Front appears to contain much more 
diverse melt compositions than do the Apollo 14, 16, or 17 
collections. Most are quite distinct from samples from these 
other landing sites, indicating a distinct provenance for the 
Apennine Front. Some, particularly the higher KREEP melts, 
may be post-lnibrium; most are probably from a wide variety 
of pre-lnibrium events and were dumped in the Front as part 
of the lnibrium ejecta A more elaborate study of these impact 
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melt particles, particularly radiogenic isotope data, would 
potentially be very informative about the pre-Imbrium crust 
in the basin area. 

Other lltbologies. Sample , 17 is a cataclastic, feldspathic 
sample (Fig. 6); the mode and the chemistry both suggest 
that the rocklet consists of about 90% plagioclase. The 
plagioclase is shocked with erratic extinctions, and forms 
contiguous areas more than a millimeter across; the original 
grain size cannot be reliably determined. The mafic minerals 
form small (lC$ than 300 micron), partly clustered grains; 
their textural relationships are quite unlike those in granulites. 
Most of the orthopyroxenes and olivines form separate grains; 
in a few cases the olivines form cores or edges to 
orthopyroxenes. The opaque mineral content of the fragment 
is negligible. A finer-grained, apparently shock-produced zone 
crosses the center of the fragment. The sample is probably 
a chemically pristine, texturally deformed igneous fragment, 
and is probably part of the ferroan anorthosite suite: Microprobe 
analyses show uniform compositions for olivine (Fo65), 
orthopyroxene ( mg' = 72, CaO = 1.1 wt %), and plagioclase 
(An 96-97). One discrete grain was augite (mg' = 81, Cao 
= 22.0 wt % ), and a chromite grain was aluminous ( 15.2 wt 
% AhO3). These analyses are consistent with well-equilibrated 
ferroan anorthosites, and indeed are quite similar to some of 
the compositions in pristine anorthosite 60025 (Ryder, 1982). 
However, the dominance of orthopyroxene and olivine 
distinguish 15243,17 from local anorthosite 15415. lnsofur as 
the chemistry is known 15243, 17 is similar to the slightly mafic 
ferroan anorthosites 62236 and 62237 (Warren and W~n, 
1978) except that it has slightly higher Na2O and incompatible 
elements 3x as high. Indeed its incompatible elements are as 
much as 3-5 times as high as most ferroan anorthosite samples, 
although the partern is very similar to that of most ferroan 
anorthosites. The chemistry is distinct from that of granulites, 
except for two of the ferroan varieties 15418 and 67215 
(Undstrom and Undstrom, 1986). 

The shock-melted sample ,28 is lC$ distinct in all respects. 
Its chemistry is not pristine, as Au is present at about 5 ppb, 
and Ni is 119 ppm It is very similar to the Group B impact 
melts in its incompatible element and major oxide abundances, 
although it differs in having high Sc ( 27 ppm). The mineralogy 
of the fairly coarse-grained relics is noritic, with prominent 
opaques including Fe-metal. Texturally the shock effects 
obscure the details which might distinguish this fragment as 
either a granulite or an impact melt. The chemistry and noritic 
mineralogy suggest that it was a coarse-grained poikilitic impact 
melt that was subsequently re-shock melted in situ. 

Regolitb breccias. Most of the regolith breccia particles 
were not thin-sectioned. All the samples identified macroscop-
ically as "polymict breccias" as distinct from regolith breccias 
are actually regolith breccias, as shown by their chemistry 
(Table 2) and their petrography (Fig. 6). In addition, one two-
lithology sample that was identified as mainly regolith breccia 
was correctly diagnosed. A white clast observed macroscop-
ically may have been a large crushed Apollo 15 KREEP basalt 
clast observed in the section or another smaller clast of coarse 
breccia. The chemistry of these regolith breccia samples is 
quite uniform and very similar to that of the local regolith 
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and the bulk <1 mm size fraction of15240 (Table 2; Korotev, 
1987a). There can be no doubt that these regolith breccias 
were formed very close to their collection site, as the regolith 
at Station 7 and elsewhere along the Front is different. 15240 
was collected to sample glass and other material in the 1-m 
crater, and the sample contains a very high proportion of 
regolith breccia particles. Most of these are poorly lithified, 
except where bonded by glass. It is evident that most of these 
regolith breccias must have been produced by the impact that 
produced the small glass-lined crater itself Thus even very 
small impacts suffice to partly lithify regolith, as shown 
experimentally by Schaal and Horz ( 1980) and Simon et al. 
(1986). Larger fragments, such as those in the >1 cm fraction 
15245 were also produced, and these also have the same 
composition (summary in Ryder, 1985). Some of the regolith 
breccias must be older, and these possibly include the more 
lithified fragments that were erroneously identified merely as 
''polymict breccias." Alternatively these latter particles may have 
formed in the recent 1-m cratering event but were more 
strongly lithified. Regolith breccias much larger than a few 
millimeters presumably formed in much larger events. 

Population of the 2-4 mm Particles and Conclusions 

Apart from the dominant regolith and regolith glass particles, 
the 2-4 mm fines 15243 consist predominantly of impact melt 
fragments and KREEP basalt fragments. Only one probable 
cataclastic anorthosite was found Conspicuous by their absence 
are mare basalt fragments of any kind, crystalline polymict 
breccias, and granulites. Fragmental breccias such as those in 
the Apollo 16 collection are either not present or are rare; 
although such breccias would not be directly observable in 
2-4 mm fragments, their constituents would be. At Apollo 16 
these constituents are dominated by granulites, cataclastic 
anorthosites, and aluminous melt fragments, clearly rare in our 
Apollo 15 sample. 

It is apparent that the Station 6 regolith is not close to 
a mass-weighted average of the 2-4 mm crystalline particles, 
as such a concoction would be much richer in incompatible 
elements than is the regolith. As Korotev (1987a) found for 
the 1-2 mm fines 15271, the coarser materials are enriched 
in KREEP. It is clear that the Station 6 regolith must consist 
of a finer-grained, comparatively KREEP-poor material and a 
coarser component consisting of Apollo 15 KREEP basalts and 
KREEPy impact melt fragments. Apparently a well-mixed 
Apennine Front had KREEP basalts deposited on it, but not 
in it, at a time when or from a place from which mare basalt 
was not available. Some mare basalts and green glasses have 
been added, but not simultaneously with these KREEP basalts. 
The rock types that make up the Front as it was produced 
by the Imbrium impact remain elusive, apart from the impact 
melts. The relative importance of varied pristine rocks and 
varied impact melts cannot yet be deciphered 
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